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Introduction
Surfactants, or surface-active agents, are among the most widespread and widely used chemical products in the world today. In 2002, total surfactant production volume worldwide was 11 million tonnes. Derivatives of plant origin accounted for approximately 20% of this production. Within a context of sustainable development, there is an urgent need to produce environmentally-friendly surfactants.
These surfactants can be obtained from molecules that mimic natural amphiphilic structures.
The association of a polar amino acid (hydrophilic moiety) and a non polar long chain compound (hydrophobic moiety) to built amphiphilic structures allows to obtain molecules with a high surface activity (1) . Thus, lipoamino acids obtained from natural raw materials are the choice surface-active molecules for applications in the food, pharmaceutical and cosmetic industries. As a result of their structure, they have a low degree of toxicity, improved resistance to hard water, antimicrobial activity (2) , are gentle and not irritating to the skin and are easily biodegradable (1, 3) .
If we consider the chemical structure of an amino acid, the fatty chain can be introduced via the amine or carboxylic function. However, the reactivity of the amine function in aqueous medium is widely higher than the one of carboxylic acid. We were interested in N α -acylamino acids obtained by fat chain grafting on the amine function of amino acid. Many synthesis pathways use organic solvents (3) (4) (5) (6) . Another pathway consists of synthesis by acylation using an acid chloride in water, following the Schotten-Baumann reaction (2, 7, 8) . In parallel, in operating conditions (alkaline aqueous medium), the acid chloride hydrolyses in carboxylate ion ( Figure 1 ). It is therefore necessary to determine the quantity of fatty acid formed during the secondary reaction in order to determine the composition of the final mixture. The aim is to acylate the greatest proportion of amino acid possible. To do this, an excess of acid chloride in relation to amino acids, is added. The presence of sodium (do)decanoate and octanoate contributes also to the mixture properties, because they have an amphiphilic capacity.
We were particularly interested in the acylation of a neutral amino acid with a non-ionic side chain (leucine), of an amino acid with a negatively-charged side chain (glutamic acid) and a basic amino acid with a positively-charged side chain (arginine), and acid chlorides with from 8 to 12 carbon atoms. The N α -acylamino acids/fatty acid sodium salts ratio of the mixture obtained was determined by NMR and UV spectroscopy methods. Then, we studied the surfactant properties of these different formulations. Indeed, only few of these surfactants were studied: Takehara et al. Free amino acid groups were quantified using the reliable OPA method (12), described by Frister et al. (13) . The sample to be analysed was dissolved in a buffer solution of 12.5 mM sodium tetraborate and 2% SDS (w:w) at pH 8.5. 2 mL of a reagent solution prepared the same day were added to 1 mL of unknown solution. The reagent solution was prepared by introducing the following into a 50 mL volumetric flask: 25 mL 0.1 M sodium tetraborate solution (pH 9.2), 2.5 mL 20% SDS (w:w), 40 mg OPA dissolved in 1 mL methanol, 100 µg β-mercaptoethanol. The final volume was completed up to 50 mL with demineralised water.
The absorbance of the mixture was measured at 340 nm after 2 min incubation. The number of amine groups was calculated using a calibration curve obtained with L-leucine. The acylation rate (AR) was determined using the following formula:
where Ni is the number of free amine groups in the amino acid before acylation, and Nf is the number of free amine groups in the final product determined by OPA. Nuclear magnetic resonance ( 1 H and 13 C NMR) analysis
All the NMR measurements were performed with in 7.05 Tesla Bruker AVANCE 300
spectrometer. All the proton and carbon-13 spectra were acquired at 300. dB and PL9=45 dB) pulse as 32K points over 6.172 KHz spectral width.
All the carbon-13 spectra were acquired using standard proton-decoupled carbon-13 acquisition with pulse-gradient (Pulse programme 13 C: zgpg30). For this purpose, a carbon-13 length pulse of typically 9.70 µs (PL=-1 dB) and 18.115 KHz proton decoupling were applied during acquisition. The number of scan is 1,536 for carbon-13 experiments and 64 for proton analysis.
Measurement of the Critical Micelle Concentration (CMC)
Surface tension was measured using a GBX-TEN 089 tensiometer equipped with a Wilhelmy plate. Mixtures consisting of N α -acylamino acid and fatty acid sodium salts (2.5 g/L) were dissolved in a 0.1 M sodium phosphate buffer solution at pH 7.0 to obtain 200 mL of solution.
Drops of 400 µL of this solution were added to 50 mL of the same phosphate buffer solution.
Surface tension was continuously measured and recorded at 20°C until a constant surface tension value was observed. The CMC was obtained at the breaking point of the surface tension curve in relation to the logarithm of the mixture concentration.
Measurement of foaming properties
Foaming properties were measured using the method described by Padmashree et al. (14) . 3 g of surfactants were mixed with 300 mL of water in a graduated 1-L cylinder. 
Results and discussion

Purification of acylation reaction products
The aim of this step is to eliminate all compounds that have no surface-active properties (sodium chloride, amino acids). After the elimination of water, the reaction products are dissolved in ethanol under reflux. By simple filtration of the medium, the totality of sodium chloride, not soluble in ethanol is eliminated. The mineral matter determination of solid obtained gives values of about 100% for synthesis performed with leucine and glutamic acid and above 60% for the synthesis carried out with arginine. In the last case, the infrared showed that the precipitate also contained an arginine fraction, slightly soluble in ethanol.
The second step of purification consists in obtaining the surface-active molecules under salt form and it permits to eliminate the amino acids that have not reacted. These latest do not precipitate during acetone addition. Therefore, the final mixture contains only the N α -acylamino acid sodium salts and the fatty acid sodium salts. In the case of mixture obtained starting from glutamic acid, the precipitation of this amino acid is observed in acetone. The surfactant mixtures are thus contaminated by glutamic acid (Table1).
Determination of the conversion rate of the acylation reaction and the final formulation composition
In the operating conditions involving 1.5 equivalent of acid chloride for 1 equivalent of amino acid in presence of 2 equivalents of sodium hydroxide (3 for the synthesis with glutamic acid in reason of the presence of two carboxylic functions), the conversion in relation to amino acid (η AA ) is determined by OPA method, for the different reactions. η AA are raised for arginine (77-90%) and for leucine (87-88%) and lowered for glutamic acid (53-75%) (Table1). This lower conversion rate is due to higher basicity of reaction medium during the synthesis with glutamic acid, because of the presence of its two carboxylate functions, favouring the chloride hydrolysis. The influence of hydrophilic element is perceptible in the case of arginine acylation because the acylation rate is proportional to the fatty chain length.
The Table 2 ). In fact, a longer, more hydrophobic chain results in lower surface tension. This is attributed to the increase in the affinity of lipophilic molecules for interfaces (15) 
Measurements of foaming properties
The results of foaming properties are given on Table 3 . Regardless of the amino acid used, the shorter the chain is, the lower the FC will be, implying that less foam will be produced. By 
